This study aims to provide new evidence from Turkish pre-service elementary school (PES) teachers and to identify some correlations and factors associated with mathematics anxiety (MA). 480 Turkish PES teachers participated in this study. Data was collected using a Personal Information Form, Mathematics Anxiety Scale, and Mathematics Attitude Scale. Data was analyzed using the SPSS 17.0 statistics program. It was revealed that the MA level of the participants was low, and the difference based on gender was not significant. Cross-sectional comparison indicated that freshmen were more inclined to have MA than the seniors. Based on self-reported perceptions, we found that there were significant differences related to mathematics. There was a tendency for participants with negative attitudes towards mathematics and low achievers to possess higher levels of MA. It was also found that there was a significant correlation among mathematics anxiety, mathematics achievement, and mathematics attitudes. This study will provide some guidance for the revision of course requirements and teaching strategies, and promotes collaboration between mathematics educators and counselors.
Introduction
Prior negative experiences with mathematics can strongly influence the students' future. Additionally, teachers and parents often impose their personal views and feelings related to the subject, including the negative ones; as a result, they may unintentionally pass these negative beliefs to the students, which may cause or increase mathematics anxiety (MA) (BALOĞLU; KOÇAK, 2006; BEKDEMIR, 2007; BUHLMAN; YOUNG, 1982; MCNEIL, 1994; ROSSNAN, 2006) . Therefore, MA is a very common problem among college and university students (MALINSKY; ROSS; PANNELLS; MCJUNKIN, 2006) . In addition to being one of the more intensely and consistently investigated concepts in mathematics education, it has influenced many aspects of this matter, directly or indirectly.
Conversely, there is no general consensus among researchers, not only about the MA's definition and dimensions, but also on its causes and effects. Vinson (2001) characterized MA as an exceeding dislike toward mathematics. It was claimed that feelings of anxiety can lead to panic, tension, helplessness, fear, distress, shame, inability to cope, sweaty palms, nervous stomach, difficulty breathing, and loss of the ability to concentrate (POSAMENTIER; STEPELMAN, 1990) . To a certain extent, the anxiety may result in some positive effects, such as a stimulating force to perform well, but in academic terminology, MA is considered a debilitating problem (ZASLAVSKY, 1994) . Richardson and Suinn (1972) defined MA as " […] feelings of tension and anxiety that interfere with the manipulation of numbers and the solving of mathematical problems in a wide variety of ordinary life and academic situations" (p. 551). Byrd (1982) , however, accepted this definition as deficient both from the point of view of the conceptualization of mathematics and also from the conceptualization of anxiety perspectives. Thus, it should be regarded from a larger perspective as a complex construct of an "affective, behavioral, and cognitive response to a perceived threat to self-esteem, which occurs as a response to the situations involving mathematics" (ATKINSON, 1988, p. 18 ).
Attitude and anxiety are firm constructs that are difficult to change, and their negative consequences, including the avoidance of the subject, distress, and interference with conceptual thinking and memory processes, may affect adult life (NEWSTEAD, 1998) .
Although attitudes and MA are related, they are different constructs. Byrd (1982) handled ISSN 1980 ISSN -4415 http://dx.doi.org/10.1590 ISSN /1980 attitudes toward mathematics (e.g., perceived usefulness and math as a male domain) as a dispositional antecedent of MA. She separated them based upon their initial components. For attitudes, the cognitive component is primary; for anxiety the cognitive component is secondary and the emotional component is primary. Bessant (1995) considered the matter from a different perspective and argued that MA "is seen as more intense, shorter in duration, and negative," but mathematics attitudes "represent long-term dispositions that are relatively small in magnitude and either positive or negative in direction" (p. 329).
According to Hilton (1980) , the defects of elementary mathematics education help spread MA. Although elementary school teachers have an important role in motivating students to develop positive attitudes towards mathematics and in creating an excitement to learn this subject, they can recognize it as being threatening and frustrating, due to their negative experiences during their own studentship. In their study, Widmer and Chavez (1982) found that approximately 16% of the elementary school mathematics teachers were math anxious. Martinez (1987) argued that MA begins with the arithmetic teacher. The quality of mathematics instruction in elementary schools was found to be related to how thorough the preparation of a PES teacher was (BATTISTA, 1986) . As Franz (2005) argued, MA studies focused more on the PES teachers. Kelly and Tomhave (1985) reported that elementary education majors' anxiety levels are the highest ones when compared to four other mathanxious college groups. The teachers' attitudes may influence their students' attitudes which in turn may affect their performance and success. According to the results of 151 studies exploring MA by meta-analysis, Hembree (1990) stated that MA has been linked to poor performance in mathematics achievement tests, to the avoidance of the subject, as well as to attitudes toward mathematics. He found that pre-service arithmetic teachers' ability, grade level, and undergraduate fields of study, especially those prone to mathematics anxiety, demonstrated different MA levels. Jackson and Leffingwell (1999) investigated the types of instructor behaviors that caused MA in students from kindergarten through college. Their survey included 157 students enrolled in a senior level elementary mathematics class who were required to teach first through sixth grades. They asked the students about their worst or most challenging mathematics classroom experiences from kindergarten through college. Of the 157 respondents, 146 (93%) reported problems with MA. Their findings were similar to the previous studies; 16% of them had their first traumatic encounter as early as in the 3 rd and 4 th grades. ISSN 1980 ISSN -4415 http://dx.doi.org/10.1590 ISSN /1980 Many studies underline the significance of the elementary mathematics classroom as the starting point of MA (HARPER; DAANE, 1998; BİRGİN; BALOĞLU; ÇATLIOĞLU; GÜRBÜZ, 2010). Uusimaki and Nason (2004) examined the causes of MA in an interview study of 18 third-year Australian pre-service elementary teachers. The findings revealed that MA could be attributed to their elementary school experiences. They analyzed their negative experiences and found that instead of specific mathematical content or social factors, such as family and peers, the elementary school teacher (72%) was a major reason for these negative experiences. On the other hand, the teacher candidates were expected to lessen their degree of MA with the help of education provided during their pre-service education.
The results of the Program for International Student Assessment Project (PISA) revealed that the Turkish students generally felt MA. Furthermore, their mean MA score was higher than the mean score of students living in the Organization of Economic Cooperation and Development (OECD) countries (ERDD, 2005) . In 2004, the Turkish primary school mathematics curriculum was renewed, based on student-centered approaches, including constructivist learning and the multiple intelligence theory. Moreover, the new Turkish mathematics curriculum took MA into consideration for the first time (MoNE, 2005) . Based on the views of 247 elementary school teachers, Halat (2007) found that the new curriculum had a positive impact on the students' attitude toward mathematics.
This study aims to determine the level of MA among PES teachers by providing new evidence from Turkey, and seeks to identify some components and factors associated with MA. Determining the MA level of the PES teachers and identifying some correlation and factors associated with MA is a crucial issue, not only for the purpose of counseling or treatment, but also for a beneficial and efficient education. Current measures related to MA will reflect on the recent changes in a better way and call for different issues to be addressed in the case of MA. The results will contribute to evaluating pre-service education.
Concurrently, the results will contribute to MA literature, as this study examines several factors and correlation thought to be influential or important to MA. This study attempted to answer the following questions:
What are the mathematics anxiety levels of Turkish PES teachers? b) Are there any significant differences between mathematics anxiety and social factors (gender and class level), perceived importance of subjects taught in mathematics courses (PIM), perceived ability level to learn mathematics (PAM), perceived success level in mathematics (PSM), education levels of parents, family income, location of hometown, and mathematics achievement? ISSN 1980 ISSN -4415 http://dx.doi.org/10.1590 ISSN /1980 
c)
Is there a significant relationship between MA and both mathematics achievement and mathematics attitudes?
Method

Participants
The study's sample consisted of 480 PES teachers. As seen in Üldaş (2005) . It consisted of seven sub-scales, which explained 59.23% of the total variance. Five hundred and two teachers and 1066 teacher candidates were involved in the reliability and validity studies of the scale. Üldaş (2005) reported the Cronbach alpha coefficient to be .95, for the reliability of the measurements of the MAST scale. Cronbach alpha reliabilities for the respective sub-scales were . 90, .88, .87, .76, .74, .69, and .75 . In this study, the Cronbach alpha coefficient was found to be .94, and the Coefficient alphas for the sub-scales ranged from .78 to .92. (AŞKAR, 1986) : This instrument was a 20-item, balanced, one-dimensional, Likert-type scale, and assessing students' mathematics attitudes. This is a commonly used mathematics attitude scale in Turkey. The Cronbach alpha coefficient has been reported as .96. In the present study, the Cronbach alpha coefficient of this scale was .95.
Mathematics Attitude Scale
Personal Information Form:
This information form is used to get independent variables, namely gender, class level, education level of parents, family income, and location of hometown, mathematics grades, perceived importance of subjects taught in mathematics courses (PIM), perceived ability level to learn mathematics (PAM), and perceived success level in mathematics (PSM). In this form, the three items (PIM, PAM, PSM) designed to measure the perceptions of the participants are also included. To assess PIM, the following question, "Do you think the subjects taught in mathematics courses are important?" was asked. The participants were asked to express their beliefs using a five-point scale (1 = not at all important to 5 = very important). To assess PAM, the following question, 'Could you assess your ability to learn mathematics?' was asked. They were asked to express how they perceive themselves using a five-point scale (1 = very low ability to 5 = very high ability). To assess PSM, the following question, "Could you assess your success in mathematics lessons?" was asked. They were asked to express how they view themselves using a five-point scale (1 = very low success to 5 = very high success). There was only one common mathematics course taken by all the participants involved in the study. Consequently, the grades in this compulsory mathematics course were used to assess mathematics achievement. Family incomes were categorized into three groups, namely low (less than 750 TL), moderate (750-1500 TL), and high (more than 1500 TL), according to the minimum monthly wage determined by the Turkish government. ISSN 1980 ISSN -4415 http://dx.doi.org/10.1590 ISSN /1980 
Data collection and analysis
Mathematics anxiety was measured on a four point rating scale ranging from 1 (I would feel highly anxious) to 4 (I would not feel anxious). High scores on the MAST indicate higher levels of MA. The mathematics attitude was measured on a five point rating scale.
Positive elements on the scale are assigned with numerical values ranging from 1 (strongly disagree) to 5 (strongly agree). For the negative items, the scoring was reversed. Higher scores on the scale indicate higher levels of attitudes toward mathematics. The Statistical Procedures for Social Sciences (SPSS) 17.0 (SPSS Inc, 2008) was used to code and analyze the data. It was screened for the assumptions of parametric statistics. Normality and homogeneity of variances were tested at a multivariate level. Descriptive statistics and intercorrelations on the study variables were computed. In this study, independent samples t-test, one-way ANOVA, Tukey HSD post hoc analysis, and Pearson's product-moment correlation were conducted.
Results
What is the mathematics anxiety (MA) level of pre-service elementary school (PES) teachers?
The study found that the lowest and highest attained scores for the MA of PES teachers on the MAST scale were 39 and 130, respectively. It was also determined that the range between the lowest and highest score were 91, the mean and standard deviation of the MAST scores were M = 68.94, and SD = 18.08. The mean MA score on the scale falls in the low range, so it can be said that Turkish PES teachers have a low level of MA.
Do the MA scores differ significantly according to gender, class level, PIM, PAM, and PSM?
Independent samples t-test were used to determine if there was a significant difference in MA scores in terms of gender, class level, PIM, PAM, and PSM variables. ISSN 1980 ISSN -4415 http://dx.doi.org/10.1590 ISSN /1980 . So, it can be assumed that the higher the class level, the lower will be the PES teachers' MA score.
As seen in Table 2 , there were also significant differences between the MA scores of the low and high PSM group [t = 7.591, df = 478, p < .01], between the low and high PIM group [t = 10.050, df = 478, p < .01], and between the low and high PAM group [t = 9.651, df = 478, p < .01] in favor of the lower of MA score.
Do the MA scores of PES teachers differ significantly according to the education level of parents, family income, location of hometown, and mathematics achievement?
A one-way ANOVA was used to determine if there was a significant difference in the MA scores of the PES teachers in terms of the education level of parents, family income, location of hometown, and mathematics achievement. Tukey's HSD test was conducted as a post-hoc analysis for multiple comparisons.
As seen in it can be assumed that both the location of hometown and family income had no significant impact on the MA scores of PES teachers. Table 3 shows that the MA scores of the PES teachers decreased according to the level of their mathematic achievement. Results of the ANOVA revealed that there was a significant difference among the MA scores of the PES teachers in terms of the levels of mathematics 
Is there a significant relationship between MA and both mathematics achievement and mathematics attitudes?
The Pearson's product-moment correlation was used to determine if there was a significant relationship between mathematics anxiety (MA) and both mathematics attitudes and mathematics achievement. As seen in Table 4 
Discussion
Many researchers investigated MA and attitudes toward mathematics. Although they had different comprehensions and reached conflicting results, they emphasized similar and common arguments about the negative consequences. For instance, Martinez (1987) cited math-anxious teachers as a cause of math-anxious students. Similarly, Vinson (2001) identified negative attitudes toward mathematics as a cause of negative results in mathematics. Researchers found these constructs worth investigating, and they studied not only their prevalence, dimensions, and correlation, but also their causes and effects. In addition, they provided recommendations to reduce or to eliminate their negative consequences.
In this study, it is revealed that the MA scores of pre-service elementary school (PES) teachers (n = 480, M = 68.94, SD = 18.08) are similar, but a bit higher than the scores of the PES teachers (n = 84, M = 66.60, SD = 13.49) in a recent study conducted by Üldaş (2005) .
Previous studies demonstrated that MA was more likely to occur among females than males (BETZ, 1978; HEMBREE, 1990; STENT, 1977) . Similarly, this study indicated that the mean score was higher for females than for males, although the difference between their mean was not significant. The result is in consonance with that of Widmer and Chavez (1982) , who found no significant relationship between gender and MA among elementary school mathematics teachers. These results may be due to the fact that the present pre-service education has been developed according to scientific research results. As a result, the current comprehensions and implementations in the present pre-service education system help narrow gender differences and reduce MA. There is a need, however, to carefully interpret the results due to the limitations that exist in the research, such as the limited sample and the self-report nature of the study. Furthermore, as Gresham (2008) stated, even if the anxiety is low, it is not possible to say that they are free from it. It can be said that education faculties in Turkey are unaware of MA and do not attempt to provide the necessary counseling services or intervention programs for math anxious students. Therefore, mathematics educators and counselors should identify math-anxious teacher candidates in close cooperation and then provide the necessary support and counseling for them.
This study indicates that freshmen are more inclined to have MA than the seniors.
Alternatively, it can be assumed that MA is reduced at the end of the pre-service education. This may be explained by the fact that seniors have taken the mathematics method course for two consecutive semesters. Parallel findings about the efficacy of the mathematics method ISSN 1980 ISSN -4415 http://dx.doi.org/10.1590 ISSN /1980 courses on MA have been reported by several researchers (HARPER; DAANE, 1998; LYNCH, 1994; SOVCHIK; MECONI; STEINER, 1981; VINSON, 2001 ). This conclusion may also provide support to the aforementioned comment that the present pre-service education system helps in reducing MA. It may be too early to applaud the current methods, because of the lack of data displaying the cases of highly math-anxious teacher candidates.
Although the total MA scores were reduced at the end of pre-service education, there is still need for a longitudinal research, to follow highly anxious candidates and to evaluate whether meaningful changes have actually occurred in their specific situations. Aiken (1974) expounded on the perceived importance or value of mathematics in attitudes toward mathematics. Hadfield and McNeil (1994) proposed lack of confidence in mathematical ability and lack of perceived usefulness of mathematics as the intellectual causes of MA. Similarly, Bonnstetter (2007) also assessed feelings about mathematics in one of the six categories, to explain changes in the levels of MA. Combining these theoretical assumptions about mathematics, as related to MA in a single study, and investigating whether MA differed according to them is the main aim of this study. To do so, the perceived importance of mathematics is investigated by PIM, the perceived ability level to learn mathematics is investigated by PAM, and the perceived success level in mathematics is investigated by PSM. As pointed out in the literature, this study reveals that these perceptions are important in terms of MA; that is, PIM and PAM have a moderate effect, and PSM has a great effect. Additionally, MA scores differed significantly with respect to their intensity.
Similarly, Hembree (1990) found a significant negative relationship between the high and average groups according to the ability based upon MA scores. In accordance with this result, pre-service elementary mathematics teachers differed in terms of PAM in this study.
The socioeconomic status could be regarded as representative of a variety of factors, including parental education, family income, and location of hometown, which could influence MA. In this study, the MA scores did not differ significantly according to these factors. It was revealed that the socioeconomic status of PES teachers did not have a considerable impact on MA. This may be a result of the relative independence of the PES teachers from their parents, due to the extra income and new living environments, such as the dormitory and campus life. Furthermore, parental education can no longer influence them, because, as it can be gathered from Table 1 , most PES teachers are more educated than their parents. Extra income, such as bursaries and grants, fill the gap of income differences. In addition, shared campus life provides similar life experiences. On the other hand, educators and counselors must be very careful of the effects these variables have on MA at the primary ISSN 1980 ISSN -4415 http://dx.doi.org/10.1590 ISSN /1980 and secondary grades. As a matter of fact, a few previous studies support this warning (ARIKAN, 2004; ENGELHARD, 2001; VANN, 1992) . This study indicates that there is a tendency for students with negative attitudes toward mathematics and low achievers to possess higher levels of MA. Tapia and Marsh (2004) designed a mathematics attitudes scale and measured MA in a questionnaire with four ratings.
They found that although the main effect of gender was insignificant, with a small effect size, the main effect of MA was significant with a large effect size on attitudes towards math.
Similarly, Gresham (2008) concluded that the highest levels of MA were encountered among pre-service teachers with negative attitudes toward mathematics. Hembree (1990) and Ma (1999) reported significant negative correlations between mathematics achievement and MA in their meta-analysis studies. In a comparative study, Engelhard (2001) , by using a five-item scale developed for the Second International Mathematics Study [SIMS] , also reported significant negative relationships between mathematics achievement and MA, in a sample of adolescents from The United States (r = -.24) and Thailand (r = -.14), who participated in the SIMS. Woodard (2004) also found a significantly low correlation (r = -.20) between mathematics achievement and MA in a sample of 125 students enrolled in a community college when using the exit examination scores of mathematics. Similarly, it was reported a significant negative and medium level correlation between MA and mathematics achievement (r = -0.43). These studies agree with the present study, which has found that, as MA scores increase, achievement scores decrease. In addition, this study reveals that MA differed significantly according to students' levels of achievement in mathematics. Engelhard (2001) stated that the direct effect of MA on achievement may be small, but the indirect effects such as mathematics avoidance and negative attitude toward math-related activities make it necessary to give it further consideration.
Previous researches stated that some teachers had MA and transferred it to the students (BALOĞLU, 2001; HARPER; DAANE, 1998) . On the other hand, some argued that the fact that the forthcoming teachers of this study, who will be responsible for educating future generations, have low levels of MA, is a positive development that gives hope for the future.
As a result of the aforementioned findings, we claim that the present pre-service elementary teacher education system has a positive impact on reducing MA. By being both less-anxious and well-prepared about the contemporary learner-centered approaches, the prospective teachers have an important role to play for future generations.
It is shown in several studies that the MA of PES teacher is significantly reduced when the emphasis is placed on understanding (BURSAL; PAZNOKAS, 2006; HEMBREE, 1990; ISSN 1980 -4415 http://dx.doi.org/10.1590 /1980 -4415v28n48a06 TOBIAS, 1998 VINSON, 2001) . Gresham (2007) found a statistically significant reduction in the MA scores of 248 early childhood/elementary education pre-service teachers who completed a methods course that emphasized the use of manipulative and concrete learning of the mathematical content. Therefore, the concepts should be related to the learners' prior experiences and be constructed, connected, applied, and transferred to the learners' relevant and meaningful contexts, with active participation and cooperation. Effective mathematics instruction is a widespread suggestion in MA literature and many strategies are also provided to accomplish this in these literatures.
There are many sample intervention techniques to reduce or eliminate MA. Townsend, Moore, Tuck, and Wilton (1998) , mentioned some successful intervention techniques, such as systematic desensitization, stress-inoculation training, anxiety management, and systematic rational restructuring for math anxious university students (WADLINGTON; AUSTIN; BITNER, 1992; FOSS; HADFIELD, 1993; SCHNEIDER; NEVID, 1993; VANCE; WATSON, 1994) . As a meta-analytic result, Ma (1999) revealed that screening and treatment programs should be provided for upper elementary grades. In addition, the meta-analytic studies revealed that out-of-class psychological treatments and behavioral therapy are more efficient than classroom intervention programs (BEASLEY; LONG; NATALI, 2001). In Turkey, however, counseling is considered as a profession mainly responsible for planning and delivering counseling to high school students (DOĞAN, 2000) . This is why elementary school teachers need to make further efforts to reduce or eliminate MA, and also to avoid creating negative experiences for the students. For this reason, there is a need to raise the awareness and to educate PES teachers about MA. To this end, some courses such as the course of Guidance, a compulsory course for teacher candidates in Turkey, can be employed in collaboration with the mathematics educators. At the same time, educational administrators need to make available the necessary infrastructure for elementary school counseling to carry out its responsibilities, at the earliest.
Conclusion
This study aims to reflect the current level of MA among PES teachers and to determine several factors and correlations thought to be influential or important for MA. In conclusion, it was revealed that the MA scores of PES teachers can be interpreted as low and the difference based on gender is not significant. At the end of the pre-service education, seniors are significantly less likely than freshmen to have MA. These results may be accepted ISSN 1980 ISSN -4415 http://dx.doi.org/10.1590 ISSN /1980 as promising for the future. Attitudes and perceptions (PIM, PAM, and PSM) related to mathematics are revealed as important factors for MA in pre-service teachers. Conversely, the education level of parents, family income, and location of hometown are not. Therefore, if the PES teachers believe that they can be successful in mathematics and have the ability to accomplish it, and if they understand the importance of mathematics during their pre-service education, there will be more opportunity to prevent or reduce MA. Despite some limitations, it is hoped that the results will provide some insights to revise course requirements and teaching strategies, to plan future intervention programs, and to bring about collaboration between mathematics educators and counselors.
